This paper presents a quadratic-program-based framework for group decision making with 12 incomplete intuitionistic preference relations (IPRs). The framework starts with introducing a 13 notion of additive consistency for incomplete IPRs, followed by a two-stage quadratic program 14 model for estimating missing values in an incomplete IPR. The first stage aims to minimize 15 inconsistency of the completed IPR and control hesitation margins of the estimated judgments 16 within an acceptable threshold. The second stage is to find the most suitable estimates without 17 changing the inconsistency level. Subsequently, a parameterized formula is proposed to 18 transform normalized interval fuzzy weights into additively consistent IPRs. Two quadratic 19 programs are developed to generate interval fuzzy weights from a complete IPR. The first model 20 obtains interval fuzzy weight vectors by minimizing the squared deviation between the two sides 21 of the transformation formula. By optimizing the parameter value, the second model finds the 22 best weight vector based on the optimal solutions of the first model. A procedure is then 23 developed to solve group decision problems with incomplete IPRs. A numerical example and a 24 group selection problem for enterprise resource planning software products are provided to 25 demonstrate the proposed models. 26 Completion, Group decision making 28 1980). To express DMs' pairwise judgments with vagueness, Orlovski (1978) introduced fuzzy 33 preference relations, which is also referred to as reciprocal preference relations (De Baets & De 34 Meyer, 2005; Chiclana et al., 2009). Crisp-ratio and unit-interval bipolar scales are two most 35 commonly used approaches in representing a DM's pairwise comparison results. The classical 36 AHP adopts a crisp-ratio approach where the numerical value 1 plays a neutral role in 37 representing the DM's indifference between two alternatives. On the other hand, a unit-interval 38 3 bipolar scale uses the numerical value 0.5 to express its neutral value. This scale has been widely 39 applied to decision models with [0, 1]-valued reciprocal preference relations and [0, 1]-valued 40 interval reciprocal preference relations. It is noted that there exists an isomorphism between a 41 unit-interval bipolar scale with the numerical value 0.5 and a crisp-ratio bipolar scale with the 42 neutral value 1. 43 A variety of methods have been put forward to generate priority weights from fuzzy 44 preference relations and estimate missing values for incomplete fuzzy preference relations. For 45 instance, Xu (2004) introduced additive consistency and multiplicative consistency for 46 incomplete fuzzy preference relations and developed two goal programs for obtaining priority 47 weights from incomplete fuzzy preference relations. Herrera-Viedma et al. (2007) introduced an 48 additive consistency index to define the inconsistency level of a fuzzy preference relation, and 49 put forward an iterative procedure to estimate unknown values for incomplete fuzzy preference 50 relations. Liu et al. (2012) developed a least square model to determine missing values for 51 incomplete fuzzy preference relations based on additive transitivity.
Introduction

29
In multi-criteria decision making (MCDM), decision-makers (DMs) often employ pairwise 30 comparison to elicit their preference over alternatives. These preference judgments are structured 31 as multiplicative preference relations in the classic analytic hierarchy process (AHP) ( introduced the concept of IPRs. 154 An IPR on X is denoted by a pairwise intuitionistic judgment matrix 7 ( ) 
(3.10) 206 It is obvious that 
Consequently, (3.11) can be transformed to the following equivalent quadratic model. .5 ( , ) , ( , ) ,
Therefore, at least one optimal solution exists for (3.12) for any acceptable hesitancy threshold h 240 ( 01 h ).
241
It is easy to prove that the optimal solution to (3.12) has the following property.
242 
The first inequality in (4.3) comes from (2.5). As  satisfies (4.3) for all , 1, 2,..., , 
is an additively consistent IPR. 287 Proof. By (4.2), we have 0.5 1, 2,..., 
for all , 1, 2,..., , i j n i j = . Therefore, as per (2.6), R  is an IPR. 290 On the other hand, from (4.2), it follows that 13 0.5 ( ) 0.5 ( ) 0.5 ( ) 
(4.10) 323 Therefore, solutions to (4.6) are able to be found by solving the following quadratic program Multiple solutions may be obtained for model (4.11). To obtain a sensible decision result, we 335 need to find a benchmark of these solutions such that the DM's opinions in R can be sufficiently 336 reflected by its corresponding interval fuzzy weights. From (4.4) and (4.5), it is apparent that the 337 closer the parameter  is to 1, the closer the interval fuzzy weight vector is to a consistent IPR. 338 Therefore, it is reasonable to choose a solution from optimal solutions to model (4.11) such that (1-)/2 (1-)/2 (1-)/2 (1-)/2 1/(1-3 ) , , , implying these weights do not accurately reflect the intensity of preference " 2 x and 3 x being 372 absolutely superior to 1 x ". In addition, it should be noted that, although Wang (2013)'s approach 373 yields the same priority weight vector as the result derived by the proposed model, its optimal 374 objective function value is greater than 0 for this IPR 1 R . This is attributed to the fact that the 
Step 3. Solve models (4.11) and (4.12) for an optimal group interval fuzzy weight vector 402 ( ) 
Step 4. Establish the possibility degree matrix the "-" for the (1, 4) element signifies expert 1's inability or unwillingness to offer any 438 preference or non-preference assessment between product x1 to x4, resulting in a completely 439 missing element in the judgment matrix. In addition, the differences in the (i, j) entry in the three 440 20 judgment matrices reveal the three experts' subjective judgments between the ith and jth product 441 as well as their different levels of knowledge between the two ERP products. 442 Compared to other methods handling missing intuitionistic judgments such as those put 443 forward by Xu (2007) If the hesitation margins of the estimated judgment values are expected to be no more than 0.6, 453 we can set h = 0.6 in the models (5.4)-(5.6) and (3.16). Solving the quadratic program (4.11) yields its optimal objective value * 0.01311484 J = .
469 By substituting * J and G R into (4.12) and solving this model, we obtain the optimal value 470 * 1  = and the optimal group interval fuzzy weights as: 
